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Specifications /613* 
Title of the Invention Core Structure for Boiling Water Reactor 
Claim (s) 

1. A core structure for a boiling water reactor comprising a 
lattice-shaped upper core support member, a fuel support member arranged 
at the lower end of the core, and a fuel assembly whose upper end is held 
by the aforesaid core support member and whose lower end is held by the 
aforesaid fuel support member; said core structure for a boiling water 
reactor characterized by being provided with a pair of control rods inserted 
directly below the aforesaid upper core support member and respectively 
arranged in diagonal positions facing one cell of the foresaid upper core 
support member, and a fuel assembly which respectively faces the control 
rods and whose upper end is inserted into one cell of the aforesaid upper 
core support member. 
Detailed Specifications 
(Field of Industrial Application) 

The present invention pertains to a core structure for a boiling 
water reactor, and in particular, it pertains to a core structure for 
a boiling water reactor ideal for applications, such as fuel assemblies 
and control rods, supported by them in a boiling water reactor. 
(Background of the Invention) 

A boiling water reactor has a plurality of fuel assemblies lined 
up vertically in the core thereof and a control rod which is insertable/ 
extractable at a right angle through a gap between fuel assemblies. The 

* Numbers in the margin indicate pagination in the foreign text. 
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core is built into the reactor's pressure vessel, which is immersed in 
a cooling medium and light water, which has a moderator function. 

As shown in Figs. 9(a) and (b) , the fuel assembly 10 comprises an 
upper tie plate 102, lower tie plate 103, a plurality of long, slender 
fuel rods 104, with both ends supported by those tie plates, and a square 
cylindrical channel box 105 which surrounds a bundle of fuel rods 104. 
A fuel assembly 101 is supported by a fuel support fitting 107, whose 
lower end is established on a lower core support plate 106 and the upper 
end thereof is supported by an upper grid plate 108. A control rod 109 
is inserted between the fuel assemblies within the core through a control 
rode guide tube 110 in the lower part of the core, and extracted from 
therebetween. Each control rod 109 is connected to a control rod drive 
unit (not shown) by way of a coupling. The light water is guided into /614 
the fuel assembly 101 after the flow rate of the fuel assembly 101 is 
adjusted to the necessary proportion through an orifice provided inside 
the fuel support fitting 107; its flow distribution is adjusted as it 
passes through the lower space of the core inside the reactor pressure 
vessel . Then, the light water is heated as it rises inside the fuel assembly 
101 to become a two-phase flow of a vapor-water mixture. 

A plan view of the unit cell of a conventional core comprising four 
fuel assemblies 101 adjacent to one control rod 109 is shown in Fig. 10, 
as seen from the upper part of the core. A conventional fuel rod 104 
with a 8x8 grid is arranged inside one fuel assembly 101. A passage is 
formed between four channel boxes 105 on the outside so that the control 
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rod 109 having a cruciform cross section is able to move axially. The 
interior region of the channel box 105 is called an in channel region 
111 and the outside region of the channel box 105 is called an out channel 
region 112. The upper grid plate 108 becomes a lattice shape. Four fuel 
assemblies 101 are arranged in each cell of the upper grid plate 108. 
One control rod 109 is inserted among these four fuel assemblies 101. 
Below intersecting points of a part of the upper grid plate 108, a neutron 
instrumentation guide pipe 113 , with a built-in neutron detector, is erected 
perpendicularly between the lower core support plate 106 and upper grid 
plate 108. 

There are the following problems with the aforementioned conventional 
core structure for a boiling water reactor. 

As shown in Fig. 9(b) , the space below the upper grid plate 108 is 
filled with cooling water, excepting the intersecting part at the upper 
grid plate 108 where the neutron instrumentation guide pipe 13 is erected. 
Moreover, the space outside the part in the gap among four fuel assemblies 
101 occupied by the control rod 109 is filled with cooling water. The 
majority of the control rods 109 are in an extracted state from the core 
during the period the reactor is running, and the aforementioned gap is 
nearly occupied with the cooling water. The capacity for the water used 
as the cooling medium in the out channel region 112 shown above is less 
than that for the water in the in channel region used as the moderator. 
Therefore, it is desirable to increase the capacity of the in channel 
region for the core structure, but it is impossible to reduce the thicknesses 
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of the upper grid plate and the control pipe equal to or above those in 
a conventional core structure. 
(Objective of the Invention) 

The object of the present invention is to obtain a core structure 
for a boiling water reactor able to increase burning efficiency. 
(Summary of the Invention) 

The following solution to the aforementioned problems was discovered. 

In order increase the area ratio of the in channel and out channel 
regions, a core structure was obtained in which the control rods were 
arranged at the intersecting points of the upper grid plate, and one fuel 
assembly was arranged in each unit cell surrounded by the upper grid plates . 
Thus, the space just below the upper grid plate in a conventional core 
structure was wasted, and the size of the in channel region could be increased 
by arranging the control rod therein. 

By arranging one fuel assembly per unit cell of upper grid plates 
and arranging a control rod below the intersecting points of the upper 
grid plate, a larger-sized fuel assembly could be planned on the basis 
of the conditions at which the entire number of control rods in the core 
is made constant . 

(Practical Examples of the Invention) 

The core structure for a boiling water reactor, which is an ideal 
practical example for the present invention, will now be described. 

Figure 1 is a plan view of the upper grid plate 1 positioned in the 
upper part of the core. The upper grid plate 1 is established inside 
the reactor pressure vessel (not shown) of a boiling water reactor. In 
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Fig. 1, the upper grid plate 1 in this practical example is positioned 
by rotating it 45°to the grid of a conventional core by making a shape 
in which the opposing intersecting points of the four intersecting points 
in a unit cell of upper grid plates 108 (shown by the dashed line in Fig. 
1) in the conventional core structure are respectively connected. The 
position of the center shaft of the control rod 109 (shown by the dashed 
line in Fig. 1) in the conventional core matches an intersecting point 

2 of the upper grid plate 1 of this practical example. The control rod 

3 rotates 45°in the direction in which the position in the conventional 
core remains unchanged, and a cruciform blade is perfectly arranged just 
below the upper grid plate 1 when observed from above the core. /615 
The crosswise upper grid plate 1 just made as such has a structure in 
which the length on one side of the lattice of is 1 ' of the upper grid 
plate 108 of the conventional core, and the intersecting points of the 
upper gridplate 1, consisting of an intersecting point 2 , which is positioned 
right above the core shaft position the control rod 3, and an intersecting 
point 4 , where a control rod is not positioned (coincides with the intersecting 
position of the upper grid plate of the conventional core) , are arrayed 
alternately. 

The control rods 3 are arranged respectively in a pair of diagonal 
positions to face one cell of the upper grid plate 1, and are inserted 
between the adjacent fuel assemblies 5 just below the upper grid plate 
1. One fuel assembly 5 is inserted in one cell of the upper grid plate 
1 . The fuel assembly 5 whose upper end is inserted in this cell is immediately 
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adjacent (opposite) to the control rods 3 arranged respectively diagonal 
to the cell when the control rod 3 is completely inserted in the core 
to be interposed between this pair of control rods 3. Of the intersecting 
points of the upper grid plate 1, the portion of intersecting points 4 
where control rods are not positioned become upper support parts for the 
neutron instrumentation guide pipe. The unit cell area of the upper grid 
plate 1 is about twice the longitudinal cross section of the fuel assembly 
101 loaded in the conventional core, and one fuel assembly 5 each is loaded 
per unit cell to constitute a core. That is, the upper end of the fuel 
assembly 5 is inserted and held in one cell of the upper grid plate 1. 
The control rod 3 is inserted among four fuel assemblies 5 and also in 
the gap just below the upper grid plate 1. The lower ends of the fuel 
assemblies 5 are supported by the fuel support fitting 10 shown in Fig. 
4 and described later. Although the lower tie plate 8 described later 
is not shown, the fuel assembly 5 comprises an upper tie plate, the lower 
tie plate 8, and numerous fuel rods 20, with both ends held by the upper 
tie plate. The channel box 21 of the fuel assembly 5 surrounds a bundle 
of fuel rods 20. 

As seen from above the reactor, the positional relationship between 
the position where a fuel assembly is loaded and the fuel support fitting 
in this practical example is shown in Fig. 2. One cruciform opening 12 
through which the control rod 3 passes through and four cooling medium 
outlets 13 are provided in the fuel support fitting 10 inserted in a control 
rod guide tube 7 which is installed on a lower core support plate 6. 
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The fuel assembly 5 is loaded in a position interposed between two control 
rods 3 . One fuel assembly 5 is arranged across two independent fuel support 
fittings 10, as shown in Fig. 2. The cooling medium guided into the fuel 
assemblies 5 is then supplied through one cooling medium outlet 13 each 
of two adjacent fuel support fittings 10. 

A method for supporting the fuel assembly 5 in this practical example 
is shown in Fig. 3. A structure with the fuel assembly 5 loaded, as seen 
from above the core, is shown in Fig. 3(a). 

An A-A cross section in Fig. 3(a) is shown in Fig. 3(b) . 

In Fig. 3(b) , a fuel assembly 5 having a lower tie plate 8 provided 
with two noses 9 is supported by inserting two lower noses 9 respectively 
in the cooling water inlet 13 formed in the upper parts of two adjacent 
fuel support fittings 10. That is, the weight of the fuel assembly 5 
is supported equally between two fuel support fittings 10 . The fuel support 
fitting 10 is established on the lower core support plate 6 along with 
the control rod guide tube 7. The cooling medium, which cools the fuel 
assembly 5, passes through an inlet 11 formed on the side faces of the 
control rod guide tube 7 and fuel support fitting 10, and after adjusting 
the flow rate through the orifice provided inside the fuel support fitting 
10, it passes through the cooling medium outlet 13 and the nose 9 into 
the fuel assembly 5. The upper end of the fuel assembly 5 is supported 
axially by the upper grid plate 1. 

There is a cruciform opening 12 in the center of the fuel support 
fitting 10. The control rod 3 connected to a control rod drive mechanism, 
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which moves up and down inside the control rod guide tube 7, is inserted 
and withdrawn from between the fuel assemblies 5 after passing through 
the opening 12 . 

The fuel support fitting 10 for this practical example is shown in 
Fig . 4 . One cruciform opening 12 through which the control rod 3 is inserted 
and withdrawn and four cooling medium outlets 16 fitting with the lower 
nose 9 of the lower tie plate 8 of the fuel assembly 5 is formed in the 
upper part. Moreover, the cooling medium inlet 11 is formed on the lower 
side face of the fuel support fitting 10 for introducing the cooling medium 
below the lower core support plate 6. There are eight peripheral cooling 
medium inlets 11 and two of them are connected to one cooling medium outlet 
13. 

As shown in Fig. 2, when a cooling medium inlet 11 is provided /616 
in one location corresponding to the cooling medium outlet 13 in this 
practical example, the adjacent fuel support fitting 10 gets in their 
way and a suitable flow rate is not obtained. Thus, a structure for avoiding 
this interference is obtained by making the cooling medium inlet 11, as 
mentioned above, bifurcated. 

The lower tie plate 8 of the fuel assembly 5 in this practical example 
is shown in Fig. 5. There is a cooling medium passage 15 in the lower 
region of a grid 14 used for inserting a plug at the lower end of the 
control rod, and two lower noses 9 (cooling medium intake) connected to 
it are installed in the corners along one diagonal line. The positions 
of the lower noses 9 fit into the cooling medium outlets 13 of two adjacent 
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fuel support fittings 10, as shown in Fig. 3(b). 

The ratio (=Si/S 2 ) of the cross sectional area Si of the in channel 
region 18 and the cross sectional area S 2 of the out channel region 12, 
that is, the area ratio Ci for this practical example is shown compared 
to the ratio (=S3/S 4 ) of the cross sectional area S 3 of the in channel 
region and the cross sectional area S 4 of the out channel region, that 
is, the area ratio C 2 for the conventional example. Figure 6(a) shows 
a conventional core and Fig. 6 (b) shows the core of this practical example. 
The in channel region 18 signifies a region on the inside of channel boxes 
105 and 12 in both the conventional and this practical example. The out 
channel region 17 is a region on the outside of the channel boxes 105 
and 12, which satisfies the following conditions. The out channel region 
18 in the conventional example is a region surrounded by plate materials 
on two sides composing two blades of the control rod 109 and one cell 
of the upper grid plate 108, as shown in Fig. 6(a) . Specifically, they 
consist of an internal region surrounded by the centerlines of the two 
blades and the centerlines of plate materials on two sides composing one 
cell, and an external region on the outside of the channel box 105. The 
out channel region 18 in this practical example refers to a region on 
the inside of the centerlines of four plate materials composing one cell 
of the upper grid plate 1 outside the channel box 21. The area ratios 
S of the in channel region 18 per fuel assembly and the out channel region 
107 are shown for comparison according to Fig. 6, as seen from above the 
core. The width per fuel assembly 101 in the conventional core (the width 
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of the channel box 105) is A and the width of the outer peripheral region 
annexing one fuel assembly is g. At this time, the area ratio C 2 in the 
conventional core becomes C 2 =l/4 (g/A+g 2 /A 2 ) . Meanwhile, in the core of 
this practical example, when the width of the fuel assembly 5 is A and 

g does not change, the area ratio Ci becomes C x * i/2 (< ' u/A + g7A ' 1 . g/A 
is about 1/10; hence, the area ratio Ci of the in channel region 18 and 
the out channel region 107 is about 1.4 times higher than that of the 
core in the conventional example. 

Incidentally, in this practical example, the grating positions of 
the upper grid plate 1 overlap the positions of the control rod 3; hence, 
there is a drawback because the operability for replacing the control 
rod is poor, but after taking away four adjacent fuel assemblies 5, a 
joining socket between the control rod 3 and the control rod drive unit 
is detached, so the control rod 3 moves traversely once, and it is possible 
to take the control rod 3 out from the center of the lattice of the upper 
grid plate 1. In this case, use of the control rod 3 with a structure 
able to be divided into two rods midway between the velocity limiter and 
blade section is more advantageous from the standpoint of operability. 

Backfitting of the existing boiling water reactor is possible if 
an alteration in the joining socket portion of the control rod's drive 
unit, an alteration of the position that the tool used for fixing a position 
is installed in (which is welded to the control rod guide tube and the 
fuel support fitting) , and an alteration in the fuel support fitting, 
which is used in the circumferential part of the core, are performed because 
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the direction of the control rod is rotated 45°C after altering the upper 
lattice plate 1. 

According to this practical example, the position where the control 
rod 3 is inserted matches the position just under the grid of the upper 
lattice plate 1; hence, part of the out channel region can be reduced, 
and the in channel can be increased separately at the position of the 
conventional upper grid plate and the position of the control rod; hence, 
it is possible to constitute a core with uniform burning characteristics 
and excellent economy. 

In addition, it is possible to double the fuel assembly area in this 
practical example over that of the past, and the number of fuel assemblies 
5 loaded in the core may be reduced. Therefore, it is possible to halve 
the number of fuel assemblies 5 handled while replacing a fuel assembly, 
and the amount of time required for the operation for replacing a 7617 
fuel assembly may be reduced to about one-half that in the past. 

In this practical example, the volume ratio of the fuel and the in-core 
control rod basically does not change, and control of the reactivity with 
respect to the entire core may be performed as with a conventional core. 
Moreover, the positional relationship between the control rod and the 
neutron instrumentation pipe also can be made the same as that of the 
conventional core, and a conventional technique for monitoring the core 
can be applied. 

Further, the cooling medium is supplied through two cooling medium 
outlets 13 inside one fuel assembly 5; hence, the cross sectional flow 
rate distribution of the cooling medium flowing through the fuel assembly 
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5 is substantially uniform even if the fuel assembly 5 has a large cross 
sectional area. 

A larger fuel assembly is shown in Tokkai No. 54-82590. The fuel 
assembly shown in this Kokai publication is a combination of four conventional 
fuel assemblies. When such a fuel assembly is used, the amount of time 
for replacing the fuel is curtailed, but an increase in the area ratio 
of the in channel region and the out channel region cannot be expected. 
Moreover, in the fuel assembly of the above-mentioned Kokai publication, 
it is necessary to provide a passage to guide the control rod in the assembly, 
so the structure becomes complex. 

The fuel support fitting 10 may have the shape shown in Fig. 7, but 
according to the example in Fig. 7, the opening of the cooling medium 
outlet 13 can be positioned lower than the cruciform opening 12 that will 
become the passage for the control rod. In this case, the fuel assembly 
5 is supported by an auxiliary fuel support fitting 16, as shown in Fig. 
8. 

Figure 8(a) is a drawing of the state in which the auxiliary fuel 
support fitting 16 is combined with the fuel support fitting 10, as seen 
from above. The B-B cross section in Fig. 8(a) is shown in Fig. 8(b). 
Fuel assemblies 5 are shown collectively in Fig. 8(b). The auxiliary 
fuel support fitting 16 has a box-shaped structure where there are two 
openings connected to the cooling medium outlet 13 of the fuel support 
fitting 10 shown in Fig. 7 in the lower part and one opening connected 
to the nose 9 of the fuel assembly 5 in the upper part; its height matches 
the difference between the height of the opening of the control rod 



inlet /outlet 12 of the fuel support fitting 10 shown in Fig. 7 and the 
height of the opening of the cooling medium outlet 13. Two openings in 
the lower part of the auxiliary fuel support fitting 16 fits with each 
of the cooling medium outlets of two adjacent fuel support fittings 10 
in Fig. 8 . The cooling media discharged through each of the cooling medium 
outlets 13 of the respective fuel support fittings 10 merge inside the 
fuel supporting auxiliary fitting, and this flows into the fuel assembly 
5 by way of the nose 9. In this case, one nose is installed on the lower 
tie plate 8 of the fuel assembly 5. 
(Advantages of the Invention) 

According to the present invention, the ratio of the cross sectional 
area of the in channel region and the cross sectional area of the out 
channel area maybe increased; hence, the burning efficiency can be improved 
and the fuel economy may be improved noticeably. 
Brief Explanation of the Drawings 

Figure 1 is a partial plane view of the core structure for a boiling 
water reactor which is an ideal practical example of the present invention; 
Figure 2 is an explanatory diagram showing the positional relationship 
between the fuel support fitting and the fuel assembly arranged in the 
lower part of the core structure in Fig. 1; Figure 3 shows the support 
of the fuel assembly shown in Fig. 1 ( (a) is a plan view and (b) is a 
side view) ; Figure 4 is a perspective view of the fuel support fitting 
shown in Fig. 2; Figure 5 shows the structure of the lower tie plate of 
the fuel assembly shown in Fig. 3 ( (a) is a plan view and (b) is a partial 
longitudinal section) ; Figure 6 shows the relationship between the in 
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channel region and the out channel region ( (a) is a structural drawing 
of the conventional example and (b) is a structural drawing of a practical 
example in Fig. 1) ; Figure 7 is a perspective view of another practical 
example of the fuel support fitting; Figure 8 is an explanatory diagram 
showing the fuel assembly supported by the fuel support fitting in Fig. 
7; Figure 9 is an explanatory diagram showing a fuel assembly arrangement 
for a conventional core; and Figure 10 is a plan view of the conventional 
core . 

1: upper grid plate; 3: control rod; 5: fuel assembly; 10: fuel support 
fitting 
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Figure 9 




Figure 10 
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aR * . TftP*£ttiE6lcttyott*ffitttt*rt 

7 , tta&Sfta&tfStfA&lOtctt, #J 

# 5 li . 2T>0fflfttt3icift*ft&ttBic3&ffi£ 



fev>ri!E«^a. * utj»»«^«c 5 

n*ft*P#tf, WBf L 2 -3<0«**£#&A 1 0 

ttHmtcmT . & 3 @ (a) &f¥££«cS& 

(b) Kit. S5 3 H (a) IC £ It a A - 
A <3 IJff tB & ir**f,. 

& 3 @ (b) left**?. 2ofl)y-X9^SW 

<3ftfcTSB*-r:/u-h8&#ra*8**&£#5 
«• 2 o ® T.eu ^ - x 9 * , »f»-ra2ocD«sw 

£ # & A l 0ca.fcgBfceapLfcteiP7fca?Aai 3 

K*ft*ft»AT*CfcKJ;-3TS»*fta. r 
ft*)*>, **ltt2S£fc 5 caffiSti, 2 -3 

b*. ft tv* a. «!t^^^«:5&^fii-ra^*n«i±. 
«m»*«*7&tf«»jE»4Ai o ® en ffi b 



ita*»J7-fA-e-3ifiS:afiiL/fe», 

% a-t a . .4B#&£<* s © jtissptt. i- : &*&*is. 

i o gj^ifei: (±, + ?»«>Bn» 

S?rt«7rtft±T86t5ft3«i1*3lt, S3 P SJ l 2 

+ ^SfiD BS □ 9 1 2 . 5 4>Tft » 

Bfljcri6**raabTM*. 

# ra a l r v> a . **p*tBAaii»*fli#rt»c8 
K&iasft-cna. 
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# b £ ^ B £ & ft fi S >i, . r (0 ib M & 
0j;}u?fr:&i#ftAni i & LT^ftig 

» « ift k -r & . 

» * ' * ^ - N 3 ft jftf . IKftfllTffttttflrAffl 

^yyKi4oT*icA#tta«n s # & y * 

fc«<2-30>T«y-X9 ( *I # Jfc A P ) # , 

TSiy-X9(Bttfitt. »|3a (b) K 5* L J: 
*K*»**2-3<D«»*»aAi o a* 

0 #T ffi « S t t79>^tV*^*«l 204 

mas us, (=s, / s, > , -r**)^® 

«Jfcc a fttt*«KJ3tt*-< j,*a/b*« 

(»S. /S 4 ) , + t£t>*>WVtttCt Z&ISiL 
X7jt+. £60 (a) lift #0>*T,£, ft ft 0 , £6 



ftfSJBS 62-5197 (4) 

0 (b) tt#&8S£30);F/fr&3ftL/Tvia. w' > * 

vis *jva*&i 8 tt%to&v*%mmt*> 

ft # 0* -T S . T^N^^V^/i/^^liv^ji, $ 
*«aif*$»Wtt)f i o 5 

io^flj«)ffl«T?&u, ftco3?#ft?»jgL 

#60 (a) ICjRtJ!ife«fl)«li 0 9"<!)2o« 

W Iffl K S * If , 2'3»yi/-K<Diti^tt»(J t l-3 
®ftBft^?4:iaa|g#<Dif>.£<>ttcJ:-3-CB 

i 8 t±, -taptt^ffiicDi^o^g 
SWlillf 44o«fi#«)i|i^«lJ: y I* <H "P * ^ v 

i8»tf7^h*^y*^«i 7 ftjF-fcJ:** 



y * x l o 5 COO) ft A. «S**#£#l 

^Kf^n-r «^jBBOfiii«0ff ft flr kt&, cot 

s l/2 , ('/Ti/A + g , /A l J fcfc*. ff/ 
Attl/lOfifiTUfr^ * * » # K *f H T 

fc*<fcBtff&f&#3C0{ftBi:S:)fc.&fcj(), $! $! & 
3fcntt*&4#®&f)tt£ffc5fttt»j||ftt*&fift 

« ft a y j» l . *J«*f»3ft-j.«^^^^8& l/ ± 



5to*^i8ttoffi-e± y $r ft -c ft « . 

*««r«lC<kntf, »J»**3atfA{ftffift_fcaiS 

B «l 49 tt J* — fc&8fttie«*ifcjF,o 
t^**»jll(|t50#»ftHi6t:i:*T«4, 
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<!5« ft * C t tfBTtt-C & y , 8ft&£#£ 

■**ft«»csnT i±. *r&ic&t*ftttftfciH* 

ft. 6f®# *tt*Sf3S'£<0ffiBWffifc«E 

Mf - « K 5 . 

«fft££-fc ft ;* * < f * r t it . »raD354- 
82590 c: CD 4>BS4>« K w 

* ftfcj|«ft$&£#tt. ##0 4 #CD*Bft&^#ft 

^fc»^i*, attaint** ygflsttft**. 



KB3B362-5197 (5) 
* a * * a » a «m? # * y . « & & » t * ft . 

0 *> © t? <k i* . IS 7 0 <t>#|t ti , 

1 3 anas**. ©J««»5a8«t^i + ^s!coMp 
&i2j:ufcfc^<fcHK&ft. & ft & 

s itm + * $ \z 

l e icAoTj^Hi . 

ma® (a) It, *Kft$ttiitAlOtc&ft£# 
fflfflli^Al 6ft«**feii:fcttaift±3Brjiiejl 

0 T & ft . $80 (a) tCSttftB-BWrfift 
8 8 0 (b) k:^^". 180 (b) tcttjftftfta 

«esft^*)-ttr^-r. «ft$#/8*gjsfr& 3 Ri6i*. 

T&fcS570K;5R-rjB$ft£#&Al o co 

ffiP 1 3 tgf«t5 2o«MDgA^ U . ± » K 

ft «fISC0*l>i#T. * COS * i*& 7 @ KjRf 

«ft3t#&A i oc7>«gfflrt>aiAai 2 arangpff 



Ti^. X. &ft$ttflfflr£A 1 6 

A 1 0 eo&* i-3<?3^^i««sasok: 
&3*3Ctto?ttft. S'J*cOflSft£#£ s ftlO 

®#i4ro»ai*r«ani 3 

*Kft3#ra*6J»&AJ*JT-&8E U . y-X9ftiflL 

* & a k a * a si/ BttafltBB 

S<r£ft0>-C. fttt#-C #, Kftttjff 

ft # u < ia .t-c & ft . 

SlB(**ftqa®#B«-Xlftffl-0ftft»B* 

£B?-#s®*f<bi9&®agiivBB. & 2 a t* & i 

H«*^«Bfcfc't*TT«ltt*cI!B**i.fe«»* 
aftAfc£ft«*(*0BB68fllftji*'f BUB. Jg 



(a) tt^ffiaa^ (b) i* a b a . m 

4 Bum 2 0 KjftT«#$#£A0)*4&(a, #5 
Btt«3BK;R*«ft»*<*«!>"F»*-r*l/-h 
eOfcjfi&^-ffcOT&OT (a) 1* ¥ ® 0 & 

(b) tt^as«Wf®0. «6Htt>fyf tv^vi/ 
i: T ^y**«mfc««fllfta«t*® 
Tfc-oT (a) tttt&MCD&-£B&tf (b) tt.B 
1 0<33*«f**CO*ji0, « 7 BCi£tt£tt£A,® 
ttaXBMeftft'fl. S80l±^7@Wifi^ 
*AicJ; *&ft&'*tt®**ft iitTttaB. £<9 
B fi * 0 P <fr ic £ ft £ ft & 4* B B ft ? ft 

^ 0 . &io0i*t£3fc<o#^<o¥ffi0Tfcft. 

l-±»tt^4S. 3' 5 
1 0 -ftftSttaA. 

«3®a #a± *jhb a 
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